A dataset of the wind-driven global ocean circulation for climate research by Shi, Sue et al.
Complete Citation: Shi, Sue and Ribbe, Joachim and Cowan, Tim and Cai, Wenju (2007). A dataset of the wind-driven global ocean circulation for climate research. Technical Report. Joachim Ribbe, Toowoomba, Australia. 


















A dataset of the wind-driven global ocean circulation for climate research

































 TOC \o "1-3" \h \z \u Abstract	3
1. Introduction: A brief description of the Island Rule models	3
2. Application caveat	4
3. Examples of climate applications	5
3.1 Steady state	5
3.2 Decadal difference in the Pacific discharge/recharge via Sverdrup transport	6
3.3 South Pacific circulation trend over the past 15 years: comparison of other observations	8






Some 40 years after Sverdrup (1947) developed his fundamental wind-driven circulation theory, Australian scientist Dr. Stuart Godfrey, advanced it in an elegant and provoking way (Godfrey, 1989). He proposed an “Island Rule” and used it in conjunction with the Sverdrup relationship such that given a set of surface wind-stress field, global wind-driven circulation can be determined. We have applied this Island Rule model to monthly surface wind stress fields from NCEP (Kalnay et al., 1996) reanalysis and ERA40 (Uppala, et al., 2005) reanalysis to generate the wind-driven circulation history in terms of barotropic stream function and steric height. This dataset is now available to serve the global Earth system research community for climate model validation purposes and for description of variations and trends of the wind-driven ocean circulation. 


1. Introduction: A brief description of the Island Rule models

























Figure 2: Time required for the long baroclinic Rossby waves to traverse the South Pacific Ocean from the eastern boundary (from Qiu and Chen, 2006). Unit in years. Notice that the contour intervals are not uniform. 


3. Examples of climate applications

3.1 Steady state 





Figure 3: Wind-driven climatological circulation for southern summer (upper panel) and southern winter (lower panel) based on NCEP winds. Unit in Sv.


3.2 Decadal difference in the Pacific discharge/recharge via Sverdrup transport










Figure 5: Decadal difference in wind-driven circulation (1981-2000 average minus the 1960-1980 average). Unit in Sv. The post-1980 period features stronger ENSO, with greater discharge of heat from the equatorial Pacific to the extra-tropics.


Using the Island Rule calculation, we examine ways in which the discharge process operates. In the tropics, where Rossby wave time scale is short, the model is particularly applicable. The difference in the wind driven circulation (Fig. 5) features broad interior poleward flows. These are important pathways for discharging heat from the equatorial Pacific. Another way is the equatorward flows along the boundaries, replacing the discharged warm equatorial warm water with the off-equatorial colder water. These processes also operate in the southern tropical Indian Ocean, and are supported by negative wind stress curl (Fig. 4a).

3.3 South Pacific circulation trend over the past 15 years: comparison of other observations

Large-scale sea surface height (SSH) changes in the extratropical South Pacific Ocean have been investigated using satellite altimetry data (Qiu and Chen, 2006) and available hydrographic and Argo observations (Roemmich et al., 2006). In the midlatitude region south of 30oS, the decadal SSH signals are dominated by an increasing trend in both the western basin around New Zealand and the eastern basin centered around 45oS and 105oW. The change suggests a spin-up of the subtropical Pacific gyre circulation. 

Roemmich et al. (2006) estimate that increase in SSH at 40oS 170oW over the period is about 10 cm. They also show that the spin-up penetrates into a depth as deep as 1800m. The extent to which changes in winds contribute to this spin-up can be investigated by the Island Rule model.   Wind changes over the period are dominated by an upward trend of the Southern Annular Mode, with decreasing midlatitude westerlies and increasing westerlies at the polar latitudes (Thompson and Solomon, 2002).





Figure 6: (a) Linear trend in steric height (m2 per year) obtained using the Island Rule model driven by NCEP wind, which compares well with the SSH trend map (mm per year) shown in (b) for the period October 1992 to December 2004 and obtained using a Rossby wave model (Qiu and Chen, 2006). In (b) black contours denote the climatological sea surface dynamic height.


3.4 Linking ozone depletion to ocean circulation changes






Figure 7: (a) Trends of southern hemispheric summer NCEP surface winds over 1978-2002 (maximum vector 3 m per second), and (b) the associated ocean circulation trend calculated using the Island Rule model (Sv). 
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